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CONTACT INTERACTION OF METAL-LIKE CARBIDES, NITRIDES AND BORIDES

WITH REFRACTORY METALS AT HIGH TEMPERATURES

G. V. Samsonov, L. V. Strashinskaya and E. A. Shiller

ABSTRACT o 0/ el

557

Detailed results are presented of a study of the 167*
interaction of powdered carbides (TiC, ZrC, HfC, NbC, TaC,
Mo,C, WC) nitrides (TiN, ZrN), and borides (TiB,, ZrB,,
TaBQ) with solid Nb, Ta, Mo, and W held in contact at 900
to 2200°C for 2 or 5 hr in a vacuum.

Data obtained by microscopic examination and micro-
hardness measurements show that up to 1100°C none of the
compounds tested reacts with refractory metals. Borides,
which appear to be the most active, begin to react first,

e.g., ZrB, with Nb at 1100°C and with W, Mo, and Ta at

2

1200°C; TiB, with Nb and Mo at 1200°C; and TaB, with W, Mo,

2
Ta, and Nb at 1600°C. Carbides are more stable in contact
with refractory metals: reactions between HfC and Nr or

Ta, ZrC and Nb, and TaC and Nb begin at lOOOOC; those be-

tween TiC and Nb; NbC and Nb, Ta, or Mo; MOQC and Ta, Mo,

*Numbers given in the margin indicate the pagination in the original foreign

text.
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or W; and WC and Ta begin at 1800°C. Along with TaC, which
at 2200°C is stable in contact with Ta, the most stable com-
pounds were found to be nitrides TiN and, especially, ZrN.

Except for a reaction with Nb at 1800°C, TiN does not react
at temperatures below 2000°C. ZrN reacts with Nb at 2000°C

and with Mo at 2100°C but does not react with Ta or W ijZZh)
at 2100°C. 4‘

The development of high-temperature technology is restricted in many cases
by the lack of materials which are stable in contact with one another under
these conditions. In particular, of considerable practical interest is the
knowledge of the nature of the interaction between refractory compounds and
refractory metals during mutual contact in the solid state at high temperatures.
Information on this problem is very scarce (ref. 1) and has not been systematic;
for this reason, the present study was undertaken.

A study was made of the behavior during heating of carbides (TiC, ZrC,

BfC, NbC, TaC, Mo

C and WC), nitrides (TiN, ZrN) and borides (TiB,, ZrB, and

2 2’ 2
T&Bg) held in contact with compact refractory metals (Nb, Ta, Mo and W) exposed
in a vacuum to temperatures of 900-2200o for up to 5 hr.

Samples of refractory metals in the form of prisms or half-cylinders were
pressed into carbide, boride or nitride powders in graphite dies (fig. 1).
Assuming that the reaction of carbides with graphite occurs at very high tem-
peratures, of the order of 3000O and higher (refs. 2 and 3), and that borides
do not react with graphite either up to 2200-2300° (ref. 4), the samples of

refractory metals were pressed in carbide and boride powders directly into

graphite molds. However, in the case of nitrides, which readily react with



graphite, the samples were pressed in molds lined with sheet tantalum or molyb-
denum. The "compacts" prepared in this manner were heated in a vacuum retort
furnace (ref. 5) by passing the current directly through the mold and con-
trolling the temperature with an optical pyrometer. After heating under a
predetermined schedule, the compacts were furnace-cooled, the metal samples
were extracted, and polished sections were prepared for subsequent micro-

structural analyses and microhardness measurements (under a 50 g load).1

-
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Figure 1. Diagram of the packing of samples
in the die: 1, graphite matrix; 2, punch;

3, sample of refractory metal; L, powder of
refractory compound; 5, molybdenum or tanta-

lum lining,.

lIn the original state, the metals studied had the following microhardness

values (in kg/mmg): Na, 195; Ta, 396; Mo, 276; W ~ L0O.



Interaction with Carbides

Results of a visual study of the nature of the interaction between the
refractory metals and carbides are given in figure 2, which shows that at 1600°
almost a1l the metals are stable in contact with carbides except the pairs
ZrC-Nb, HfC-Nb, HfC-Ta and TaC-Nb, during the 5 hr contact of which a slight
interaction is observed (blackened areas of the columns in figure 2). At
18000, this interaction becomes intensified, and an interaction is also seen

NbC~Tow s

to begin in the pairs TiC-Nb, HfC-Mo, NbC-Nb,, NbC-Mo, Mo,C-Ta, Mo,C-Mo, Mo ,C-W

2
and WC-Ta. At 20000, a more or less active interaction is observed in all
pairs except TiC-Ta, ZrC-Ta, ZrC-W, NbC-W, TaC-Mo and dquring brief contact in
the WC-W pair. Finally, at 22000, the most stable pair is TaC-Ta, while a
relatively weak interaction is also observed in the pairs TiC-Ta, ZrC-Mo,
HfC-Ta, HfC-W, TaC-Mo, Mo,C-W and WC-Ta.

When TiC is in contact with Nb at 18000, a phase is formed with a hardness
of 3150 kg/mm2 (the microhardness of TiC and NbC is respectively 3000 and 1960
kg/mmg) at the boundary with niobium (fig. 3a), whereas at 2000° the microhard-
ness of this phase rises to 3500 kg/mm2 (table 1). Based on the data of ref- /168
erence 6, according to which the hardness in the system TiC-NbC changes without
extrema, it is difficult to reach any definite conclusions concerning the
nature of this phase.

When TiC is held in contact with Ta at temperatures up to 2000°, a phase
is formed whose microhardness is 2400 kg/mm2 (table 1), which corresponds to
the hardness of the solid solution TiC-TaC with a content of 50 mol percent
TaC. At 2200°, the hardness of the phase decreases o 1860 kg/mm2; this is
associated with an increase in TaC concentration in the solid solution to 80-85

mol percent, The rise in the TaC concentration in the solid solution TiC-TaC
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Figure 2. Nature of the contact interaction

between carbides and refractory metals at

1600-2200°.

with rising contact temperature of the TiC-TaC pair agrees well with the dif-
ference in the enthalpies of formation of TiC and TaC (the heat of formation
of TiC is about twice as high as that of TaC).

In the interaction of TiC with W, which begins only at 2000°, a phase with
a low microhardness (490 kg/mmg) is formed which, according to the diagram of the
pseudobinary system TiC-W (ref. 7), represents a solid solution of tungsten in
TiC. In accordance with this diagram, one should expect a considerable inter-
action of TiC with W at lower temperatures as well, but at long exposures.

at 2000°

Figure 3b shows the nature of the interaction between TiC and WAwhen the two

are held in contact for 5 hr.
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Figure 3.

Microstructures of contact boundaries between refractory metals and

carbides high temperaturcs after a 5-hr contact: a - Nb and TiC, 1800°, etching

2 and 3 -

and ZrC, 2
etching (1
mixture (1

(1 ~ Mo, 2

HNOs + Ho0 mixture (1 - Nb, 2 - new phase); b - W and TiC, 2200°, no

- W, 2 - reaction products); ¢ - Nb and ZrC, 2000°, no etching (1 - Nb,
new phase); d - Ta and ZrC, 2200°, no etching (1 - Ta, 2 and 3 - new

Mo and ZrC, 2000°, etching with HsOs (1 - Mo, 2 - new phase); £ - W
200°, no etching (1 - W, 2 - new phase); g ~ Nb and HfC, 2000°, no

Nb, 2 - layer); h - Ta and HfC, 22000, etching with HF + HNOg + Hx0

Ta, 2 and 3 - new phase); i - Mo and HfC, 2200°, etching with HzOp
layer); ( X 200).




Zirconium carbide is slightly less stable in contact with refractory
metals (fig. 2), particularly at high temperatures. Tt begins to react with
niobium even at moderate temperatures to form a frontal layer of a phase which
penetrates deep into the compact metal along the grain boundaries (fig. 3c¢c) and
has a hardness close to that of ZrC; apparently, this phase is the solid solu-
tion ZrC-NbC with a low concentration of the latter, as in the case of the
solid solutions TiC-NbC (ref. 6). At the same time, the hardness of /171
niobium rises in the vicinity of the contact boundary because of the dissolution
of excess carbon formed by the reaction ZrC + Nb — ZrC-NbC + C in niocbium
(table 1).

When ZrC is in contact with Ta, the reaction begins only at 2200° with
the formetion of tantalum monocarbide (the hardness of this phase is 1580, that
of TaC, 1599 kg/mmg), and the outer portion of the TaC layer peels off (fig.
3d). The hardness of tantalum increases markedly, apparently as a result of the
dissolution of zirconium, which is set free during the contact reaction. Since
the heat of formation of tantalum carbide is considerably less than that of
zirconium carbide, the formation of TaC during the contact of ZrC with Ta is
due to the substantial decrease in free energy upon dissolution of zirconium
in tantalum; this agrees satisfactorily with the existence of a fairly wide
region of solubility of zirconium in tantalum (ref. 8).

The reaction of ZrC with Mo begins at about 1900° with the formation of a
phase whose hardness is close to that of ZrC; at 2200° this hardness increases
considerably (table 1), apparently owing to the formation of a solid solution
of zirconium and molybdenum carbides. The grains of thic phace (fig. 3e) are
round in a“shupgwhich resembles that of grains of the solid solution TiC-WC

obtained by recrystallization through a cobalt melt (ref. 9). The hardness of



the molybdenum remains practically unchanged (table 1), rising slightly only at
the boundary with 2ZrC.

With tungsten, ZrC begins to react only at 2200° to form a frontal layer
of a new phase (fig. 3f) having & high hardness; there is an appreciable in-
crease in the hardness of tungsten itself (table 1). Hafnium carbide proved
least stable in contact with refractory metals during heating (fig. 2). It
reacts with niobium as low as 1600° to form a very hard phase whose microhard-
ness decreases with rising contact temperature (table 1). This phase consists
of a so0lid solution of hafnium and niobium monocarbides; in addition to being
very hard, this phase is known to have high melting points. The solid solution
forms on the surface of niobium in the form of a frontal layer (fig. 3g); at
22000, the reaction between HfC and Nb practically proceeds to completion, and
the excess carbon liberated by the reaction HfC + Nb — HfC-NbC + C forms
characteristic spherical segregations in the layer of the solid solution.

With tantalum, hafnium carbide begins to react as low as 1600°, but the
reaction is slow up to high temperatures (fig. 3h), forming a narrow frontal
layer and involving a partiasl penetration of the new phase into the tantalum
sample. Measurements of the microhardness of this phase have been unsuccess-
ful. The hardness of tantalum obviously increases owing to the dissolution of
carbon therein.

The interaction of HfC with molybdenum proceeds vigorously (fig. 3i), with
the formation of a frontal layer of a new phase (solid solution of carbides)
having a hardness of 1800-1900 kg/mmg. It is possible that this phase consists
of a solid solution of moiybdenum in haluniui carbide, similor to the colid
solution of WC in TiC. This is supported by the fact that the hardness of

molybdenum remains practically unchanged (table 1); this would not occur during



the formation of a solid solution of carbides and the formation of free carbon,
which would dissolve in molybdenum and thus necessarily raise its hardness.

The least extensive reaction of HfC is observed with tungsten; it is
associated with the formation of a phase with a hardness of 3400-3600 kg/mm2
and a substantial increase in the hardness of tungsten.

Like hafnium carbide, niobium carbide is not very stable when heated l&zg
in contact with refractory metals (fig. 2).

When NbC reacts with niobium, the formation of an outer layer of a new
phase is not observed up to 20000; starting at 2000° and above, a thin layer is
observed whose hardness cannot be measured. The hardness at the center of the
niobium sample remains practically unchanged (fig. 4), and the hardness of the
edge increases rcogulerly, apparently owing to the formation of a solid solution
of carbon. Hence, it may be assumed that the phase forming on the surface of
the contact consists of the lower niobium carbide NbEC.

The reaction of NbC with tantalum begins at 1800° and is somewhat enhanced
as the temperature rises. The hardness of the layer formed at 1800° is 1900

kg/mmg, which is close to the hardness of the solid golution NbC-Ta,C with an

2

approximately equimolar concentration of the components. At 2000°, the hardness

H, 4

ly/HHZ a ‘:’,”/:'z b

600 400 .

. o/

wa‘ T o 2| 00l

2600 ) LS
1600 2000 200 Y800 2200

Figure 4. Effect of temperature of contact with
NbC on the microhardness of the center (1) and edge
(2) of niobium sample (a) and also of the phase

formed in molybdenum under these conditions (b).

10



of the new phase becomes approximately 2500 kg/mmg, and at 22000, double layers
are formed (fig. 5a), the layer adjoining tantalum having a hardness of 1890,
and the outer layer, a hardness of about 3470 kg/mmg; at the same time, the
hardness of tantalum increases (table 1).

When NbC is in contact with molybdenum at high temperatures, the reaction
begins at 1800° with the formation of a porous layer of a phase (fig. 5b) whose
hardness increases monotonically with the temperature (fig. Lb), reaching
values close to the hardness of MoC and MoC (about 1500 kg/mmg). At the same
time, the hardness of molybdenum increases substantially owing to the dissolu-
tion of carbon therein.

Niobium carbide reacts with tungsten only beginning at 2200%; the phase
thus formed has a high microhardncsc (tahle 1). TIts nature is at yet unclear;
a characteristic feature of this phase is its deep penetration into the
tungsten sample (fig. 5c).

With niobium, tantalum carbide begins to react at 1600° (fig. 2), i.e.,
at lower temperatures than NbC reacts with Ta; a phase is formed at once which
has a very high hardness (table 1). After contact at 1800-2200°, this hardness
becomes about 4000 kg/mmg, which is close to the hardness of the phase formed
after contact between NbC and Ta at 2200°. The hardness of niobium at the con-
tact surface increases by a factor of 1.5 and changes little with rising tem-
perature. The new phase constitutes a broad and well-formed layer (fig. 54).

With tantalum, TaC does not react even at 2200°; this is due primarily to
a considerably smaller heat of the reaction of formation of Tagc (15.5 kcal/
mol) as compared to TaC (36 kcal/mol), which renders ihe reaction between Ta

and TaC improbable.

11
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Figure 5. Microstructures of contact boundaries between refractory
metals and carbides at high temperatures after 5 hr: a - Ta and

NbC, 2200°, etching with HF + HNO, + H,0 mixture (1 - Ta, 2 and 3 -

3
new phases); b - Mo and NbC, 1800°, etching with L:ON (L - Mo, 2 -

new phase); ¢ - W and NbC, 2200°, no etching (1 - W, 2 - new phase);

d - Nb and TaC, 22000, etching with HF + Hl\IO3 + H20 mixture ( 1 - Nb

2 - new phase); e - Mo and TaC, 2200°, etching with H.0, (1 - Mo
272 4

>

2 - new phase); £ - W and TaC, 2200°, etching with H 0, (L -W, 2-

2

new phase); {X 200).

With molybdenum, tantalum carbide begins to react at 22000; the phase thus

formed is very hard (table 1) and the hardness of molybdenum both at the center

12



and at the edge of the sample remains practically unchanged. The layer formed
is porous (fig Se). When TaC reacts with tungsten, a dense layer of a new phase
is formed (fig. 5f) with a hardness of about 3500 kg/mmgg at the same time, the
hardness of tungsten increases appreciably (table 1). Since according to the
data of reference 6 the hardness of the phases in the system TaC-WC does not
2 . .

exceed 1800 kg/mm , it may be assumed that the high hardness of the phases /173
resulting from the reaction of TaC with Mo and W is due to the formation of

complex ternary phases of the systems Ta-Mo-C and Ta-W-C.

Reaction with Nitrides

As follows from the data shown in figure 6, titanium and zirconium nitrides
behave in a relatively stable manner in contact with refractory metals at high
temperatures; this is particularly true of zirconium nitride. Both nitrides are

least stable in contact with niobium.
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Figure 6. WNature of contact interaction between

) nitrides and refractory metals at 1600-2100°.
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The reaction of titanium nitride with niobium is already appreciable at
18000, and at 2100° almost all the niobium converts into new phases. At 1800°
(5 hr) and 20000, a homogeneous phase is formed (fig 7a) with a hardness of
1800-2100 kg/mm2 (table 2), which apparently corresponds to a solid solution of
titanium nitride and niobium nitride (TiN-NbN). At 2100°, a layer of a phase is
formed having a hardness which changes with the contact time: 1250 (2 hr), 1600

(5 hr), and 1950 kg/mm2 (8 hr). It may be assumed that when the contact /174

‘ELLLK °}\?379 gyjlawl

7‘*\’1""

4 ARy o2 i \j‘
it BB s A &‘M%.i _).n-l‘ — t

Figure 7. Microstructures of contact boundaries between
refractory metals and nitrides at high temperatures after

2-5 hr: a - Nb and TiN, 2000°, 5 hr, no etching (1 - Nb

5

2 - new phase); b - same, 2100°, etching with HF + HNO5 +

H,0 mixture; c¢ - Ta and TiN, 2000°, 2 hr, etching with

I

HrF + HNO3 + Ho0 mixture (1 - Ta, 2 and 3 - now
d - Mo and TiN, 21000, 3.5 hr, etching with H202 (1 - Mo,
2 - TiN); (x 200).
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time is short at 2100°, this layer consists of the nitride NbN (according

to the data of ref. 10, the hardness of NbN is 1396 kg/mm?) with a certain
deficiency of nitrogen; after 5 hr it consists of the nitride Nb N (hardness
1720 kg/mm®) and after longer periods, of a solid solution of TiN in NboN.
The layer formed after 5 hr at 2100° is dense and adheres well to niobium
(fig. Tv).

With tantalum, titanium nitride begins to react during the first two hours
of contact at 2000°; it may be that the temperature of the start of the reaction
is even lower. At 2000°, double layers are formed (fig. 7c); the layer
adjoining tantalum has a low hardness of about 870 kg/mm? (apparently a layer
deficient in nitrogen and consisting of the nitride Tal\T),1 and the outer layer
nas a haraness of 2300 kg/mm and congiats of a solid solution of tantalum
nitride and titanium nitride (or, more probably, of a ternary chemical com-
ponent of the system Ta-Ti-N).

When titanium nitride i1s held in contact with molybdenum, a slight but
visible reaction begins at 2000° and ends mainly in the dissolution of
nitrogen in molybdenum, as indicated by an increase in the hardness of the
latter (table 2). No new chemical compounds are formed during the contact
heating, which is in agreement with the thermodynamic instability of molybdenum
nitrides (ref. 1); the titanium nitride powder around the molybdenum sample
(fig. 74) sinters, and its hardness within the limits of experimental error

remains equal to the hardness of titanium nitride (ref. 10).

Q

With tungsten, the reaction of titanium nitride begins at 2000° and proceeds
more extensively than with molybdenum, but, as in the case of the lgtter, is
limited by the formation of a solid solution of nitrogen in tungsten, the

hardness of titanium nitride remaining the same.

lThe hardness of TaN given by reference 10 is 1060 kg/mm2.
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Experiments on the interaction of niobium with titanium nitride containing
insufficient nitrogen (i.e., in the region of homogeneity of the Ti-N phase)
have shown that this interaction is enhanced as the nitrogen content of
titanium nitride decreases.

When zirconium nitride reacts with niobium at all of the temperatures
studied, a broad layer of reaction products is observed on the niobium samples;
on the basis of their hardness, these products represent ternary phases of the
system Zr-Nb-N.

The reaction of zirconium nitride with tantalum is limited by a certain
dissolution of nitrogen in tantalum (table 2), which corresponds to the absence
of steble ternary chemical compounds in the Zr-Ta-N system.

On the contrary, the reasction of zirconium nitride with molybdenum at
2100° results in the formation of a new phase with a hardness of 2800 kg/mm?,
which is twice that of ZrN and four times that of MoN.

In the ZrN-W system, no reaction is observed even at high ZlZé
temperatures if a certain dissolution of nitrogen in tungsten is not considered.

Interaction with Borides. As can be seen from figure 8, titanium diboride
(TiB,) is most stable in contact with refractory metals at high temperature;
zirconium boride (ZrBe) is slightly less stable. TaBp displays a low stability,
but at high temperatures, when titanium and zirconium diborides react very
actively with refractory metals.

Table 3 lists data on the microhardness for the phases formed [&ZZ
when ZrBo is held in contact with refractory metals at high temperatures.

In all cases, borides of the corresponding retractory metals and their solid
solutions with zirconium boride are formed, while at the same time boron

dissolves in the refractory metals.
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Figure 8. Nature of contact interaction between
borides and refractory metals at 900-2100°.
TABLE 3, MICROHARDNESS OF VARIOUS PORTIONS OF SAMPLES
(a - center, b - edge, c - new phase) OF REFRACTORY

METALS AFTER CONTACT WITH ZrB,

. Hua . kelimm?2 porticns of samples after confact ot 1a °C
=< |- 1200 i 1300 1400
B3 : | ' l R \ o
= I
= e el e e
Nb 2 — - — 1554-8 1207 +16[2491 +188{1024-1 131 +9 |3260+111
5 1724121242 +10|2864 +-321(131 +12]210+11{2717 4291|2026 {196+5 34871—2532
Ta 2 —_ —_ — 3834231383 4-23(25954-170{407 + 9 1469+ 18{3183£235 .
5 |440+111492+9 122054-190[426+28|474+8 |2666+74 (4304171412424 2073 +320
Mo 2 _ — — 247+ 19254 +-29|3065 +167(221 +7 |236:7 1281450
5 126245 |2724+17(2106+15 (22049 1244+11(2734+159|228+5 [239+3 2/194i1“.
w 2 —_— —_ —_— 5194221522 4-16(3018 + 305|477 + 28516 +- 26{2353 +- 242
5 5294131552 4-22|3357 +153{567 415|532 +- 20{2963 +-103(528 +- 11551 + 16 2795+ 245

Figure 9 shows the temperature dependence of the thickness of the layers
is held in contact with refractory metals for 5 hours. On
the bagis of these data, an estimate was made of the coefficients of reaction
diffusion during the reaction of zirconium boride with these metals, and the
corresponding activation energies were evaluated (table 4). Since in ordinary

diffusion one should expect a rise in the activation energy in passing {178
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TABLE 4. EFFECT OF TEMPERATURE OF CONTACT BETWEEN ZrB, AND REFRACTORY METALS
ON THE THICKNESS OF LAYERS FORMED, COEFFICIENT OF REACTION DIFFUSION, AND

ACTIVATION ENERGY.

- £ 2™ I Y R T B s O D
‘I]U‘*];"ogismiz R Rt B 4 P I R
Floo e 32ty 20 g S T Y MR gy =8
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£ L E 9o o of ¥ 4 O <ol £ o
‘Nb {1200 | 5 | 10 0.14 Mo | 1200 | 5 | 10} 0.14 ,

1300 | 2| 9] 0.28 1300 | 2 | 15| 0.80 N

1300 | 5 | 27| 1.00{ ~70 .| 0-46 1300 | 5 | 30| 1.20 |~124 13.1.107

14500 | 2 | 30| 3.00 1400 | 2 [100{35.00 |

1400 | 5 | 36| 1.80 1400 | 5 |480}45.00 |
Ta!11200-1.5 | 20! 0.56 W {12005 | 35| 1.70

1300 | 2 | 30| 3.00] 1300 | 2 | 30} 3.10 ~

1300 | 5 | 55 4.20| ~97 |2.0-104 1300 { 5 { 40| 2.20 63 0.25

1400 { 2| 90' 30.001-- 1400 | 2 | 44 6.70 | ‘

1400 | 5 150i 31.00] . 120015 } 841 9.8 I ! i

from the less to the more refractory metals, the data obtained, which do not
behave in this msnner, indicate the nature of the phases formed and their

thermodynamic stability.
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These results show that when ZrB, reacts with Nb, Ta and W, mainly solid
solutions of borides are formed; with molybdenum, ternary chemical compounds
Zr-Mo-B are formed with crystai structures different from the structure of
molybdenum and from that of ZrBo; the formation of these compounds involves
a complete rearrangement of the crystal lattices of the phases in contact.

Tantalum boride paired with niobium begins to react apprecisbly (fig. 8)
as low as 1600° to form a phase which can be identified as TaB based on its
microhardness (tsble 5); after longer exposures at 1600° and also at higher
temperatures, a frontal layer of a phase close in hardness to NbB, is formed,
and at 2000° and higher, the hardness of the phase on the niobium samples
decreases again, while practically all of the niobium enters into the reaction.

With tantalum; TaB, reacts less extensivel%?hgt'begins to react at 1600°
to form the phase Ta3B), and the phase TagB, is formed at 1800°. At 2000°,
two layers are formed on tantalum, an outer layer of Ta3B2 (columnar crystals
shown in figure lOa) and an inner layer adjoining tantalum and having a hardness
of 2170 kg/mmz, which is below the hardness of Ta3B2. The latter phase appears
to consist of the lower tantalum boride TasB (ref. 11).

Since the hardness of borides is determined within the limits of each
given Me-B system by the character of the structural elements of boron atoms
and decreases (fig. 11) when these elements are simplified (ref. 11), it should
be expected that the conversion from the Ta332 phase to the Ta,B phase and
further tc metallic tantalum or, more accurately, to a solid solution of
boron in tantalum will occur with a monotonic change in microhardness Z;Qz

which can be roughly approximated by a straight line.t

Footnote carried over to next page.
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Figure 10. Microstructures of contact boundaries between tantalum

and TaB2 and molybdenum and TaB, at 2000° after 5 hr: a - Ta, no

2

Bs 3 - Ta3B2); b - Mo, etching with 3202

(1 - Mo, 2 - M02B); (x 200).

etching (1 - Ta, 2 - Ta

In addition, the phase with a hardness of 2170 kg/mmg, formed in direct
contact with tantalum at 2000°, should correspond to a boron content (see
fig. 11) of approximately 2.7 percent, which is in good agreement with the
boron content in the Ta B phase (2.9 percent). The extreme left point on
the curve, located on the hardness axis, corresponds to the hardness of a
golid solution of boron in tantalum, which, judging from the data in table
5, is formed at all temperatures of contact between TaB, and tantalum.

When TaB, reacts with molybdenum, the reaction begins as low as 1600°,
and at 2100° almost the entire sample enters into it. Up to 21000, this
phase, which forms a layer penetrating deep into the molybdenum sample in
IThis monotonicity should take place only for similar structural elements made

up of boron atoms in boride structures: double chains (MeQBh), single chains

(MeB), paired boron atoms (Me3B2) and single mutually isolated atoms (MegB).

a distinct separation of the structural elements consisting of boron atoms

and metal atoms, should not obey this general relationship.
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Figure 11. Hardness of tantalum

boride vs. boron content.

certain areas (fig. 10b), consists of Mo B; at 2100°, according to the phase
diagram of the Mo-B system (ref. 11), this phase decomposes to form mainly MoB.
The reaction between TaB2 and tungsten begins at 1600° with the formation
of the o-WB phase up to 21000, and at 2100° two layers are formed: one, Q-WB,
adjoining the tungsten layer, and an outer layer whose hardness is close to

that of WQB5.

Summary

1. The nature of the interaction of metallike carbides (TiC, ZrC, HfC,
NbC, Tat, Mo C and WC), nitrides (TiN and ZrN) and borides (TiBy, ZrB,, and
with refractory metals (Nb, Ta, Mo and W) at temperatures
up to 21.00-2200° was investigated, and preliminary assumptions were made con-
cerning the nature of the phases thus formed and causes of their Tormation.

2., Borides were least stable in contact with refractory metals at high

temperatures; nitrides and certain carbides were more stable. No interaction
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involving the formation of new chemical compounds is observed at 2200° only in
2

the case of contact between TaC and Ta and at 2100° between zirconium nitride

and Ta and also W.

1.
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